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We review some specific and quantitative issues in popular methods used to determine the dis- 
tance of galactic objects, in the context of the microquasars GRO J1655-40 and lA 0620-00. In 
particular, we discuss the domain of validity of the relationship between the Sodium lines and 
the color excess, and the supposedly systematic overestimation of optical absorption from X-ray 
data. Both problems imply a possible underestimation of the absorption toward GRO J1655-40. 
We also discuss the main issue concerning the absolute magnitude of the secondary star in our 
own maximum-distance method, that has been used on GRO J1655-40. We show in this respect 
that the dynamical parameters of this microquasar are not definitive, and that the mean properties 
of the secondary star is not so much different from that of a normal single star of same spectral 
type. 

Following the possibility that GRO J1655-40 is located at about 1.0 kpc, associated with the 
open cluster NGC 6242, we rise the question: which black-hole is the closest to the Sun? In 
that context, we quickly discuss the situation of the microquasar lA 0620-00, by addressing the 
specific point of its 30-years-old extinction value. 

Finally, we present some details about a possible new distance method, using the surface proper- 
ties of the stars, based on the cross-correlation function bisector, and that is now accessible thanks 
to the advent of a high-resolution echelle spectrograph called CRIRES at the VLT. We quickly 
discuss the strengths and weaknesses of this method, and how it possibly address the caveats of 
the other methods. 
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1. Why is the distance issue relevant? 

The issue of the distance of microquasars in our galaxy, or even beyond, is obviously relevant 
in the sense that it is a very basic parameter of the models. In practice however, the distance values 
used in these models or simply spread in the literature, are not always reliable, sometimes by a large 
factor. It may be worth to recall that even the distance of GRS 1915+105 is somewhat subject to 



caution, even if most of the studies (actually all but one: []22[]) converge to a single and consensual 
value of about 1 1 kpc.^ The answer to the title being known, it is nonetheless interesting to discuss 
the details to reveal where are the weaknesses and how to address them. 

Although many of the remarks below can be understood in a very general context, we discuss 
the distance problems encountered with the galactic microquasars GRO J1655-40 and lA 0620-00. 
The distance issue of the former is relevant for at least three reasons. First, GRO J1655-40 was 
at the time of its discovery, the second galactic microquasar (just after GRS 1915+105) showing 



superluminal radio jets OlSQ. This property, and consequently the way the engine powering these 
jets is modeled, is directly related to the distance. Second, the distance of GRO J1655-40 is relevant 
in the context of finding the closest black-hole to the Sun. This "fashionable" question is however 
of first interest for other modes of observations, because if close enough, the elected black-hole 
- which might be lA 0620-00 - could become an accessible target for the Very Large Telescope 
Interferometer and, in the late future, a privileged one for space missions dedicated to black-hole 
physics such as the European satellite XEUS. Finally, the distance is important to understand the 
context of formation of a microquasar (see [jTl]]), and its possible trajectory in the galaxy, as shown 



already in [|24|]. 



2. The distance of GRO J1655-40 



Part of the discussion below concerning GRO J1655-40 is already published in [|1 1[], where we 
developed a new maximum-distance method. Using new VLT-UVES spectra, a comparison with 
nearby stars led us to find an upper limit of D < 1.7 kpc, which contradicts the often quoted distance 



of D = 3.2 lb 0.2 kpc determined in [ |1 8| | from a kinematic model of the radio-jets. Following []25|], 
we have already shown that this model can provide an upper limit only on the distance: Dmax < 3.53 
kpc. As for the lower limit of 3 kpc, it is given by the radio spectrum presented in and is also 
subject to caution. The details concerning this specific distance value have been presented in [^. 

2.1 The unsolved problem of optical absorption 

The issue of the absorption is originating from the need to correctly estimate the difference 
between the apparent and absolute magnitudes, which leads directly to the distance through the 
well-known relation: 

mobs-M-A = 51og(D)-5 (2.1) 

where mobs is the observed apparent magnitude (mobs = '«true+'4)> M the absolute magnitude, 
A the absorption and D the distance in parsecs. In microquasars, the absolute magnitude of the 



' Since this specific contribution is also about challenging a supposedly robust distance value "confirmed" by many 
studies, we prefer to reserve our judgement on that of GRS 1915+105. Moreover, a quick verification of the concordant 
studies about this microquasar show that they share most of their methods, requiring a dedicated study. 
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secondary is usually obtained through the combination of the spectral type (which provides an 
estimate of the effective temperature Teff) and the orbital dynamics (which provides the semi-major 
axis). Assuming that the secondary star is filling its Roche lobe, and using the Stefan-Boltzman 
law, it is possible to compute the intrinsic luminosity and hence the absolute magnitude of the 
secondary star. This specific point for GRO J1655-40 is discussed below. 

Things are getting problematic when one tries to estimate the absorption, which is directly 
related to the color excess E{B — V)hy the standard formula Ay = /? x £" (B — V ) and where /? « 3 . 1 . 
The relationship between equivalent width of Sodium lines and the color excess is often used, 
particularly in the case of the distance of GRO J1655-40 (e.g. [Q, ^). One could add however 
that the validity range of this relationship is very small. Following [p6|], the equivalent widths must 
be comprised between 0.13 and 0.75A, which implies in turn a color excess E{B — V) between 
0. and 0.4. Using gaussian profiles for the absorption lines, and a minimal 2.5 pixel resolution 
element, the validity range translates to a minimal spectroscopic resolving power of 8000 for the 
broadest lines, and 50 000 for the narrowest (this latter value being reached for instance by the 
echelle spectrograph UVES at the VLT). 



The estimated color excess of GRO J1655-40 (see e.g. []20|]) of 1.3 is by far outside this 



range. Moreover, as clearly shown in Jl 1[], high-resolution spectra revealed the saturated and multi- 
profiled nature of these lines in GRO J1655-40, making them totally unusable. It also means that 
the absorption towards this microquasar is possibly underestimated. 

2.2 The (supposedly) systematic overestimation of absorption from X-ray data. 

Another mean of estimating the optical absorption consists of measuring the column density 
of hydrogen with X-ray data (under the - generally reasonable - assumption of cospatiality of the 
hydrogen and interstellar dust). However, in their detailed study of the distances of X-ray binaries, 
[ ^ll ] claimed that the absorption measured from X-rays is systematically overestimated compared 
to that obtained from optical data (which often relies on the equivalent widths of Sodium lines 
mentioned above). They presented a table of 14 sources for the comparison (see their Table 3). 

However among these 14 sources, four targets have a missing value in one of the two bands 
(GS 1009-45, XTE J1118-F480, H 1705-250 and SAX J1819.3-2525), five have consistent values 
between the two bands given the quoted uncertainties (GRO J0422-I-32, lA 0620-00, GRO J1655- 
40, GX 339-4 and GS 2 Section 023-H338), leaving 5 systems only for a true comparison: GS 1 124- 
684, 4U 1543^7, XTE J1550-564, XTE 11859-^226 and GS 2000-^25. For the X-ray binary 
XTE J1550-564, obtained a color excess E{B — 'V) = 0.7 value from equivalent width of 
the Sodium lines of 2. 4 A which is much larger than the upper limit of the validity range defined 
above. Moreover, they use a low-resolution (2A) spectrum, and it is not clear if the lines are 



saturated or not, as it was the case for GRO Jl 655-40 [11]. As for GS 2000-1-25, the value from 



X-ray observations quoted by [gJJ is Ay = 6.4 it 1.0, citing []32|]. However, in this latter paper, 
the value quoted is Ay = 4.4 (or logNu = 22.06 ± 0.006), said to be in agreement with the optical 
estimation by [||] that is the reference given by [21 1 for the optical value! 



In summary, the systematic overestimation of the absorption from X-ray observations is not 
established. One might even wonder about a possible systematic underestimation of the absorption 
from optical data. In this context, we cannot exclude the result of [ p^ on GRO J1655-40 using 
ROSAT data and who find an absorption of Ay = 5.6 mag. 
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3. The maximum-distance method of Foellmi et al. (2006) 
3.1 Quick presentation 



We have developed and presented a new maximum-distance method ([]11[]), applied it to GRO 
Jl 655-40 and found an upper limit to the distance of 1.7 kpc. This method is based on the compar- 
ison of the spectroscopic flux of the microquasar in quiescence with that of a nearby single star of 
same spectral type. From archival VLT-UVES spectra, we determined a F6IV spectral type for the 
secondary star, in agreement (within one spectral type) with previous works. After a verification 
with two different methods that our spectra were not showing any detectable contribution from the 
accretion disk, the mean flux-calibrated spectrum of this microquasar was then compared to that of 
the F6IV star HD 156098, using a spectrum taken with the exact same configuration, and available 
in the UVES POP^ (see [^). Then, we used the following relation: 

a = 51og(^^-^^ +M2-M1 >0 (3.1) 

where a designate the absorption^, D2 and D\ the distance of the nearby star and GRO J1655- 
40 respectively, / the spectroscopic flux ratio, and M the absolute magnitudes similarly to the 
distances. Let first emphasize that we claimed that the value of 1.7 kpc obtained through the 
comparison with five nearby stars of similar spectral types is a strong upper limit because it is 
based on the extreme case where a = 0. Obviously, the absorption is certainly larger than zero. Let 
emphasize as well that it is not a distance method, but is providing instead an upper limit only to 
the distance. In that sense, it is not a measurement of the distance. 

This method is based on a strong assumption about the absolute magnitude of the secondary 
star of the microquasar. We chose to bracket the possible value of My to that of M2 more or less 
one magnitude, i.e. My = M2 ± 1, expecting naturally that the true value of My is comprised in this 
range. 

3.2 The issue of the absolute magnitude 

This distance method is problematic because the absolute magnitude My is systematically 
uncertain. In other words, the assumption might or might not be verified, and there is no obvious 
way to know if it is the case or not. On the other hand, it is generally assumed that in low-mass X- 
ray binaries, there is no stellar wind strong enough to create and sustain an accretion disk, and that 
only Roche-lobe overflow from the secondary star is able to do so. Consequently, the secondary 
star, even in quiescence, should have an effective radius equal to, or at least similar to, the radius 
of its Roche lobe. 

Although all studies of GRO J1655-40 agree on the spectral subtype, the value of the lumi- 



nosity obtained by p7[] or that of [20| (My = 0.7) is very different from the absolute magnitude 



of a normal F6IV star: My = 3.2, as given by []1J] (which is the reference given by [20|). This 
is considered as a clear evidence in favor of the presence of special conditions implying that the 
comparison between the secondary star and a single star of same spectral type and luminosity class 



is flawed. Consequently, the assumption of [ ]11[ ] should also be flawed. 



-http : //www . sc . eso . org/ Santiago /uvespop 



^See nil| for a discussion on wliy a does not mean exactly the normal broad-band photometric absorption. 
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But a change from 3.2 to 0.7 implies a change of radius by a factor of three! And the change 
of radius impUes a significant change of surface gravity, which contradicts the agreement between 



the UVES spectrum of GRO J1655-40 in quiescence, and that of the HD 156098, as shown by 
Teff = 6AmK, logg=3.94, Fe/H=0.09 (see also [Q]). More interestingly, HD 156098 has a known 
Hipparcos distance and its absolute magnitude is thus available: My = 2.0 ±0.2. This brighter 
magnitude can be considered in two ways. Either expected "special conditions" justifying the 
absence of comparison of the stars still holds for some reasons, and the effect on the radius being 
not so large (but still a factor two), it becomes explainable by some effects, such as irradiation 



(see e.g. [29|). Or the star in GRO J1655-40 is in fact not so much different (see also below) 



from a normal F6IV star. In both cases, the validity of the assumption of [11] is becoming more 
reasonable. 

Of course, remains the problem of the Roche radius and the fact that the star should fill it. But 
are the dynamical parameters of GRO J1655-40 well established? 

3.3 Is the orbital dynamic of GRO J1655-40 well constrained? 

Let us compare two important studies about the dynamics of GRO J1655-40: [27| and [||]^. 
The parameters are summarized in Table [T[ In addition we have computed the true equatorial 
rotational velocity of the secondary stai" from the inclination angle /, the Roche effective radius 



using the formula of [ |28| ] (see also ||21p) from the period P and the secondary mass Mj, and then 
the equatorial velocity of the secondary star if it had the same radius. Finally, from the luminosities 
we computed the corresponding absolute magnitude. For the projected rotational velocity, we used 



the value of [16] (Vrot sin /=93 kms ^) suffering no effect from tidal distortion since it has been 
measured at phase 0, and with which [|l|] agree perfectly. 

Clearly, the two studies give different results about the secondary star in GRO J1655-40. In 
particular, we note in [Q] the large decrease of luminosity by a factor ^2, and a smaller mass of 
the secondary star by 40% ! Their absolute magnitude is close to agreeing with that of the star HD 
156098 mentioned above. Interestingly they also obtain a much smaller Roche radius, which makes 
the rotational velocity significantly larger than the computed equatorial velocity at the surface of 
a sphere whose radius is equal to the effective Roche radius. Does it means that the star is over- 



synchronous, while [ |27| ] (see also []16[]) find a synchronization? 



These results unfortunately cannot be considered as reliable for obtaining all the necessary 



ingredients of Eq. 2.1 to compute the distance. As a matter of fact, the luminosity of [27| is 
obtained with two quantities that are unreliable: the distance of 3.2 kpc from JT8| ] and the color 
excess from an lAU Circular: [p^]. This Circular uses HST data that are obviously not presented 
but could not be found elsewhere neither. As for ||3|], their results are also based on the distance of 



3.2 kpc of fll8[]. They mention that they do find a solution with their model with a much smaller 
distance, but they discarded it, taking 3.2 kpc as a firm constraint. They also argue that their results 
must be consistent, since they found a color excess in agreement with all other studies. We have 



shown above (and in [|llp) how the extinction is certainly underestimated. 



refer mostly to the results of |[lq] for a comparison of their models. The results of the latter are in fact in good 



agreement with that of [ p7| ] and are thus not reproduced. 
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Parameter 




i 


Orbital Period P \days'\ 


2.62157 ±0.00015 


X 


Mass Ratio q 


3.0 ±0.4 


3.9 ±0.6 


Inclination / [°] 


69.8 ±0.8 


68.65 ±1.6 


Mass Ml [Mq] 


7.0 ±0.6 


5.40 ±0.30 


Mass M2 [Mq] 


2.4 ±0.5 


1.45 ±0.35 


Luminosity L2 \Lq\ 


46.6 ±13.6 


21.0±6.0 


Temperature T^q {K\ 


6500 (fixed) 


6150 ±350 


Color Excess E{B — V) 


1.3±0.1'' 


1.0±0.1 


Vrot (Vvmi=93)[kmS-l] 

Roche Radius \Rq^\ 

Equatorial Roche Velocity [kms^'] 

Absolute Magnitude My [mag] 


99.1 ±0.1 
4.95 ±0.15 
95.7 ±6.7 
0.7 ±0.3 


99.8 ±1.0 
4.2 ±0.2 

80.9 ±6.6 
1.5 ±0.3 



Table 1: Comparison table between various orbital parameters of GRO J1655-40 as measured by | ]27| and 
modeled by [^. It illustrates that the dynamics of GRO J1655-40 is not yet fully understood. The values of 
mass ratio, inclination angle and masses of p7| ] are taken from their Table 7, using the 3(7 values. Notes: " 
The value of the color excess (that is used to compute also the observed luminosity), is taken from JI^ ] (but 
see text). 

We note that it is tempting to use value of the absolute magnitude of [^, with the apparent 



magnitude my = 11.12 of [ ]27| ] and the absorption from X-ray data by [ ]17[ ] (Ay = 5.6) which leads 
to a distance of 1.01 kpc, consistent with the possibility that GRO JI655-40 is originating from the 
open cluster NGC 6242 (see [|ll|, ^). But only a consistent recomputation of the model of [||] 
would be acceptable. 

In summary, taking some results of [||], it seems that the mean properties of the secondary 
star of GRO J 1655 -40 are not so much different from that of the single and nearby F6IV star 
HD 156098. There respective absolute magnitudes are actually consistent within one magnitude, 
implying that the assumption on the absolute magnitudes in our maximum-distance method is valid, 
at least in the case of GRO J1655-40. 

4. The distance of lA 0620-00 

It has shown above that the distance of GRO J1655-40 found in the literature is certainly 
unreliable, and that the combination of an underestimation of the absorption with a probable fainter 
absolute magnitude leads to the possibility that GRO Jl 655-40 might be much closer [jlll]. If indeed 
GRO J1655-40 is originating from the open galactic cluster NGC 6242 located at 1.0 kpc, as its 



proper motion vector seem to indicate (see [|24|]), it competes with the microquasar lA 0620-00 for 
being the closest black-hole to the Sun. 

The distance of lA 0620-00 is however very uncertain as well. For instance [pl|], [13| and 



more recently [12] use a 30-years-old value of the extinction used to estimate the absorption. This 



extinction value is quoted from [M] in 1983 who do nothing but quote their own results [33] in 



1976. This latter paper describes how the authors determine the extinction by nulling the feature 



seen at 2200A in their UV spectrum. A simple verification of [33] reveals however that the UV 
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spectrum is actually made of five points only, since the Astronomical Netherlands Satellite used 
to obtain this spectrum had only 5 channels. Most interestingly, a HST/STIS spectrum has been 



published of this source [ |23[ ] which shows the total absence of this feature at 2200A. We must note 
however, that given the direction of lA 0620-00 in the Galaxy (/ = 209.96°, b = -6.54°), usual 
extinction methods will certainly not be valid at all. 

The total absence of the feature at 2200A is pointing toward the possibility that lA 0620-00 is 
significantly closer to the Sun than 1 .0 kpc. A quick application of our maximum-distance method 
jrT| ] on this object, using the UVES spectrum of HD 209100, also points toward a smaller distance 
from the Sun [p^: D ^ 200 pc. However we have not done yet a modeling of the spectrum as for 
GRO J1655-40, and this value must be considered as an indication only. 

5. A new distance method base on surface properties of stars? 



As shown in Ql 1|], there are many distance methods that have been used in the case of GRO 
J1655-40 and lA 0620-00. Of course, none of these are perfect. Waiting for the future european 
satellite GAIA to solve the issue, one could try to address the caveats of previous method. While 
it remains difficult to find a solution to the problem of the extinction, the combination of the tem- 
perature from the spectral type and an uncertain Roche radius is relying on many observational 
difficulties. Moreover, the temperature of the secondary star changes not only with the orbital pe- 
riod, but also across the stellar surface ^ and the possible irradiation is usually not taken into 
account when one measures the radial-velocities (see [^). We briefly describe here a totally new 
distance method, already quickly presented elsewhere pi]. 



This new distance method is based on the combination of two recent results. First, [ |15P has 
shown a relationship between the height of the bluemost point of the single-line bisector^ of late- 
type stars, of very different luminosity classes. As such, it could already be used as distance 
method, since it allows to obtain the absolute magnitude independently. This relationship is actually 
a consequence of how stellar atmospheric lines form, and depends on the granularity of the surface 
(see e.g. [[T]]). However, to obtain a usable single-line bisector on a spectrum, one requires a 
very high resolving power (at least 50 000), and a very high Signal-to-Noise ratio (at least S/N 
> 300 — 500). This prevents this possible method to be used on fairly faint stars, since only the 
brightest stars in the sky are accessible. 

On the other hand, have studied the bisectors of the cross-correlation function (CCF) of 
spectra taken with the one-meter-per-second accuracy spectrograph HARPS installed at the ESO 
3.6m telescope in La Silla Observatory (Chile), and which is extensively used to search for extra- 
solar planets. |^] have shown that the bisector of the CCF can be used as much the same way as 
the single-line bisector. Even better, they show a relationship (for a small sample of stars though) 
between the bisector parameters and the absolute magnitude, and this even for the hotter stars for 
which the bluemost point of the bisector disappear. 

CCF bisectors are much more accessible than single-line bisector, since they can be seen as 
a "mean line profile", and do not require the extremely high S/N if enough lines can be used. 



^The bisector of a spectroscopic line is the profile of the curve composed of the central midpoints between the two 
wings of the lines. See |fl5|] for a picture. It has a classical "C" shape. 
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However, for objects like GRO J1655-40, it is still difficult to obtain such bisector in the optical 
(V~18), and a quick calculation show that two weeks of continuous 24-hours observing time of 
GRO Jl 655-40 with UVES are necessary to provide the required spectrum quality. This is why it 
is necessary to observe in the near infrared (NIR), where microquasars are much brighter (GRO 
J 1655 -40: K~12-13). As a very timely opportunity, a high-resolution cryogenic NIR echelle 
spectrograph called CRIRES is being commissioned nowadays at the Very Large Telescope. A 
program is already ongoing on this instrument to check the validity of this relationship, and its 
application to microquasars. 

There are various identified problems with this method. First, the relation as found by ||6|] is 
not yet fully understood. Moreover, it has been calibrated over a small sample of stars only, and in 
the optical domain. The classical "C" shape of single-line bisector is also expected to be of smaller 
amplitude at longer wavelengths, and it is not clear how this will appear in the NIR with CRIRES. 
On the other hand, this method certainly deserves a detailed exploration since it potentially gives 
access to the absolute magnitude (even a 10-20% accuracy is already a significant improvement 
for microquasars) without the need to combine the dynamics of the system to have the radius and 
spectral type to have the temperature of the secondary star. 

One might argue that the apparent properties of the surface of an (irradiated) star are changing 
with the orbital phase, and are probably different from a normal single and standalone star. How- 
ever, both problems can be avoided by observing at phase 0. If the period is short, the superposition 
of multiple spectra at the same phases might be required. We note nonetheless that the relationship 
found by seems still valid for stars slightly above the granularity boundary. 



6. Conclusion 



In this contribution, we have emphasized again that the extinction problem is a complicated 
one, and probably unsolved. We have shown that there is a possible systematic underestimation 
of the absorption from optical data towards GRO J1655-40, and that the supposedly systematic 
overestimation of the absorption from X-ray data is not established. It means that the results of 
[17 1, who found from ROSAT data an absorption toward this microquasar much larger compared 
to any other optical value, cannot be discarded. 

We have tried to address the problem of the assumption in our maximum-distance method 
[pT|]. In that respect, we have shown that the expected special conditions preventing to compare 
the secondary star in GRO J 165 5-40 with a normal single star of same spectral type and luminosity 
class, must actually provide an explanation for a very large change of radius (at least a factor two). 
On the other hand, we also questioned the relevance of these effects by showing that the dynamics 
of the system is by far not fully understood. In summary, the validity of the assumption of our 
maximum-distance method is emphasized, since the properties of GRO J1655-40 are getting closer 
to that of its comparison star HD 156098. 

Finally, we have shown that the extinction toward lA 0620-00 relies on an 30-years-old mea- 
surement in a UV "spectrum", that appears to be totally unreliable. The distance of this microquasar 
is under investigation by our team using the promising new distance method presented here, using 
CRIRES bisectors. This method could possibly address the caveat of relying to the spectrum and 
the dynamics to estimate the absolute magnitude of the secondary star of a microquasar. 
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